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PUMPING SPEED OF GETTER-ION PUMPS 
AT LOW PRESSURES 
Andras Dallos and Fortunat Steinrisser 
Pumping speeds of commercial diode and triode type getter-ion 
pumps were measured for the gases H 
from about 10 Torr to Torr. At 10-l' Torr, the pumping speed 
was 15-25% of the speed ac 
speed. Pumping speed measurements as a function of time showed that the 
He, and N over the pressure range 
2' 2 
-11 
Torr where the pumps attained the rated 
pumping speed decreased generally only slightly over a period of one day. 
Strong saturation was found only for He at pressures above 10 -7 Torr. 
No significant difference between diode and triode in the pumping speed 
vs. time or vs. pressure curves was observed. 
In the diode, pump currents were measured. The quantity 
P.S/I (P = pressure, S = pumping speed, and I = current) was found to 
be pressure independent for short pumping times. 
molecules or atoms pumped per charge) are: 
0.2 (N2). 
The numbers (in 
0.5 (H2), 0.6 (He), and 
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1. In t roduct ion  
Get ter- ion pumps have been used f o r  about t en  years  t o  obta in  
low pressures .  
i s  f a i r l y  cons tan t  over the  pressure range from 
For s m a l l  pumps, no da ta  have been published on t h e i r  pumping speed below 
It i s  w e l l  known t h a t  t he  pumping speed of t hese  pumps 
t o  about Torr. 
Torr.  Rutherford' measured discharge i n t e n s i t i e s  I / P  (I = pump 
c u r r e n t ,  P = pressure)  down t o  
number of molecules o r  atoms pumped per  e l e c t r i c  charge (PS/I) i s  a 
b a s i c  property of t h e  pump and independent of pressure ,  he c a l c u l a t e s  
t h e  pumping speed, S, from the  discharge i n t e n s i t y  I /P .  Klopfer' and 
Davis 
very low pressures .  
Torr. From t h e  assumption t h a t  t he  
3 estimated S from the  pressure rise a f t e r  turning of f  t he  pump a t  
Sa tura t ion  i n  ge t t e r - ion  pumps has been observed by several 
. We know of no work i n  which pumping speeds a t  constant  495 authors  
pressure  have been measured as a funct ion of time. 
condi t ions ,  e.g. pumpdown of a system, i t  i s  d i f f i c u l t  t o  separa te  the  
inf luence  of t he  r e s t  of the  system from t h a t  of t he  pump. 
Under nonequilibrium 
The f i r s t  goal  of t h i s  work w a s  t o  measure S and I / P  f o r  a 
s m a l l  ge t t e r - ion  pump down t o  very low pressures  f o r  d i f f e r e n t  gases. 
The second goal w a s  t o  s tudy sa tu ra t ion  e f f e c t s  by measuring the  pumping 
speed as a func t ion  of time at constant pressures  f o r  a diode and a 
t r i o d e  type pump. 
2. Method and Apparatus 
6 
The pumping speed was measured with the  two-gauge method 
(pressure drop along a known conductance). Figure 1 shows t h e  apparatus  
schematically. The formulas are: 
1 1 1 
'M G2 S 
= - - -  
2 
= measured pumping speed at Gauge Two (P ) 
2 
S = pumping speed of getter-ion pump taking into 
2 
consideration conductance G 
G1 = conductance between Gauge One and Gauge Two 
G2 = conductance between Gauge Two and pump 
P1,P2 = respectively, pressures in Gauge One and Gauge Two 
Po = ultimate pressure of pump as measured by Gauge Two. 
The pumps used in this experiment were commercial diode and 
triode getter-ion pumps. 
nitrogen, was operated at 7.2 kV in a magnetic field of 1400 Gauss. The 
triode was rated at 8 .4/sec. 
magnetic field 1350 Gauss. 
The diode, which was rated at 15 &/sec for 
The voltage for the triode was 5 kV, the 
The vacuum system (Fig. 1) was made from Pyrex glass (Corning 
7740) and had a volume of about 2 liters. 
oil-diffusion pump (CVC GF-20), filled with Monsanto OS-124 oil, pumped 
the system to very low pressures before the getter-ion pump was started. 
An optically dense zeolite trap filled with Linde 13 X'molecular sieve 
at liquid nitrogen temperature prevented backstreaming oil from getting 
A 2-stage fractionating 
into the system. A one-half inch Granville-Phillips valve 
trap and diffusion pump from the rest of the system during 
3 
separated the 
the pumping 
speed measurements. 
processing (see below). With this valve closed, it was possible to open 
the rest of the system up to air with the diffusion pump running. Total 
pressure measurements were made with Bayard-Alpert gauges (WL-5966) and, 
in some cases, with Schuemann photocurrent suppressor gauges . Partial 
pressure measurements were made with a 90 
spectrometer . Gas was admitted from one liter Linde flasks through a 
one-half inch Granville-Phillips valve and a leak valve. 
operated by a Granville-Phillips automatic pressure controller which kept 
the pressure constant within a few percent. 
This valve was also necessary for proper system 
7 
0 magnetic deflection type mass 
8 
The latter was 
System processing followed the procedure described by Singleton 
9 and Lange . After any glassblowing, the part of the system which was 
exposed to air was first roughed with a forepump. When the system was 
a t 4 0  Torr, the pump was sealed off and the valve to the diffusion 
pump was opened for a few hours. Then the valve was closed again and 
the trap baked for about four hours at 35OoC. 
tubing between valve and trap were kept at 150 C .  
trap was immersed in liquid nitrogen, the valve opened, and the system 
baked for half a day at 35OoC. 
watts grid bombardment power for about six hours. Again the valve was 
closed, the trap baked as before and then cooled again. The pressure 
dropped to the low Torr range within an hour after opening the valve. 
-3  
The valve and the glass 
0 After bakeout, the 
The gauges were then outgassed at 50 
4 
I 
The getter-ion pump was finally started and the valve to the diffusion 
pump closed. 
Pumping speeds at constant pressure were recorded over a period 
of one day. After every measurement, the system was processed. The whole 
pressure range was investigated by changing the pressure in steps of a 
factor of three OK four. 
In general, no attempt was made to regenerate the pump before 
When pumping helium for 
Torr or higher, however, strong saturation 
a pumping speed measurement except to bake it. 
one day at pressures of 10 
was found. 
bombarded with nitrogen for one hour at a pressure such that 50 watts power 
was dissipated. 
was kept open. 
re-emission of helium was seen to be very low even during pumping of 
another gas. 
was followed with the mass spectrometer. 
-7 
After the pumping speed measurement with helium, the pump was 
During this bombardment the valve to the diffusion pump 
After this discharge cleaning followed by bakeout, the 
The cleanup process and the behavior of the pump afterward 
Current measurements for the diode pump were made on the ground 
return side. 
to the pump was double-shielded. Under low humidity conditions, the 
leakage current with the pump electrically connected was below 1 x lom1* A. 
For currents larger than a few microamperes, a regular pump power supply 
was used. 
A shielded box with batteries provided 7.2 kV. The cable 
Field emission currents in the triode pump reached values of 
a few hundred microamperes. 
because they changes rapidly. 
It was impossible to subtract these currents 
The diode showed field emission up to a 
5 
few microamperes, but only when pumping nitrogen, and even in this case 
only occasionally. 
considered a clear indication of field emission. 
whiskers responsible for field emission could be flattened by application 
of an overvoltage of 20 to 25 kV. To get still lower field emission 
currents, nitrogen was adaitted at 10 Torr with the overvoltage applied. 
Short starting times in the presence of field emission were observed at 
low pressures due to the abundznce of electrons. 
A straight line on a Fowler-Nordheim plot was 
In the diode pump the 
-5 
The two-gauge method requires only pressure ratios to be measured, 
No absolute pressure calibration was therefore made. 
standard, and the sensitivity of Gauge One compared to Gauge Two was 
determined with helium over a wide pressure range. 
sensitivity never exceeded 10% and was taken into account for the pumping 
speed calculations. The conductance to the gauges was increased to about 
15 R/sec for nitrogen by attaching a one inch tubulation to them. 
currents in the gauges were measured with Keithley micromicroammeters which 
were accurate within a few percent as compared with a constant current 
source. 
ment ionization gauges are enumerated in several papers by Hickmott". 
enhanced pumping rate for hydrogen was observed in the presence of a hot 
(T > 110O0K) filament due to dissociation of hydrogen. 
of glass or metal walls for atomic hydrogen is very large. 
dissociation, low temperature filaments have to be used in gauges. 
tunately, the ion gauges used for these measurements had only regular 
tungsten filaments. 
Gauge Two was our 
The difference in 
Ion 
The difficulties of measuring hydrogen pressures with hot fila- 
An 
The pumping speed 
To avoid 
Unfor- 
The emission current in the gauges was held at 1 mA 
__- - - 
I 
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6 
for the hydrogen measurements compared to 10 mA for nitrogen and helium. 
Pumping speed measurements for the clean system with the pump current 
off showed values of about one A/sec for hydrogen and .15 A/sec for 
nitrogen for times up to one day and at different pressures. 
were subtracted from the results obtained with the pump current on. 
system vas allowed to reach an equilibrium before measurements were made. 
These values 
The 
The conductance G1 was . 5  &/sec, and G about 15 A/sec for 
The error in determining these values is less than 10% for 
A s  can be seen from formula (2), errors in 
2 
nitrogen. 
G1, less than 20% for G . 
G 2 
This is the case only for nitrogen. 
tion of S is estimated to be less than 30%. 
2 
2' 
The overall error in the determina- 
have an influence on S if % is of the same order of magnitude as G 
3 .  Results 
The values for pressure, P ,  and pumping speed, S, in this 
* 
paragraph always mean the values inside the pump. Pressures are the 
actual pressures for the different gases (not nitrogen equivalent). 
In Fig. 2, I vs. P curves for the diode pump are given for the 
gases hydrogen, helium, and nitrogen. 
for the differeat gases at the same pump current. Above Torr for 
nitrogen, I a P. 
The slope is practically the same 
- 
Between lo" and Torr, there is a transition 
region. No bistable operation was found, i.e., the pump current at a 
* 
Pumping speeds are generally given as speeds at the pump flange. 
In this paper, however, P and S are correlated to I. 
at the same point, i.e., inside the pump. 
This should be done 
1 
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I 
1 
1 
t 
8 
7 
given pressure was always the same whether one was increasing or 
decreasing the pressure. Below the transition region, I a PIa2. 
pump was found to go out regularly when the pump current dropped below 
2 x 
-1 x Torr. To reach this condition, the valve to the diffusion 
pump had to be opened and the gauges shut off. 
The 
A. This current corresponds to a nitrogen pressure of 
- 
For short pumping times, the number of molecules or atoms 
pumped per electric charge was found to be independent of pressure within 
the accuracy of our measurements. 
nitrogen are, respectively, 0.5 ,  0.6, and 0.2. 
these values decreased significantly at pressures above 10 
all gases investigated, the decrease being especially high for helium. 
One exception is the case of hydrogen in the triode pump above 10 
Here, the pumping speed inereased with time. The same effect has been 
observed in the diode pump at pressures of -10 
two days 
titanium cathode after prolonged hydrogen pumping which increases the 
permeability of the metal for the gas. 
The values for hydrogen, helium, and 
Over a period of one day, 
-8 Torr for 
-7  Torr. 
-5 Torr after pumping for 
11 . It is believed that this results from a cracking of the 
Fig. 3 shows pumping speed, S, and discharge intensity, I /P ,  
plotted versus pressure in the diode pump for different gases and 
pumping times T = 0 and T = 1 day. The dependence of I/P on pressure for 
nitrogen is practically the same as reported by Rutherford' for the same 
magnetic field and geometry. Our absolute values of I/P for T = 0 are 
larger by a factor of 2.7 due to the larger voltage (7.2 kV instead of 
3 kV). 
conditions. 
Fig. 4 shows the pumping speeds for the triode for similar 
I 
8 
1 
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8 
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with a pumping speed which is a large fraction of the initial speed. 
! 
a 
4 .  Discussion 
In getter-ion pumps, the discharge intensity, I/P, is 
proportional to pumping speed, S, for different gases and pressures 
below Torr for short pumping times. In other words, the number of 
molecules or atoms pumped per electric charge is pressure independent. 
Saturation occurs after pumping ttmes of the order of a day 
-7 at pressures above 10 Torr. This saturation is serious only in the 
case of noble gases. All other gases are pumped for a very long time 
In the case of hydrogen in the triode, the pumping speed increased with 
time for many days at pressures above 10 Torr. -7 
No significant difference in pumping speed or saturation 
time was found between diode and triode. 
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Fig. 1. A schematic representation of the vacuum system used for 
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F i g .  4. Pumping speed S v s .  pressure i n  the t r i o d e  pump for  a)  hydrogen, 
b) helium, and c )  nitrogen.  
Distribution list as of May 1,1966 
1 
1 
20 
3 
1 
1 
I 
1 
I 
1 
1 
1 
1 
2 
1 
1 
1 
D r .  I d x a r d  ?:. R e l l l e )  
i b s t  Direc:.,r :Rcrearc8,)  
O i c .  1 Dcfensc Res. cr E n g i g .  
n c t m ,  D .  C .  20333 
D ~ r d c t o r  
Advaiced Research P r o j e c t s  Agency 
D c p a r t u n t  o f  Defense  
W a 5 i l l n Z t O i i ,  D .  C .  20301 
D i r e c t o r  f o r  M a t e r i a l s  S c i e n c e s  
Albanced Resrarc:. P r o j e c t s  Agency 
Department  of  Defense  
Washington,  D. C .  20301 
I ' e adqba r t e r s  
Defense  C o m u n i c a t i o n s  Agency (333)  
TL.e Pentagon 
' Z a s h m g t o n ,  D. C .  2ci305 
Defense D s c s w n t a t i o n  C e n t e r  
S t t n :  T I S I A  
Y e a p c n s  5 S:C?E fva:uailon G r o u p  
Aifn. r-1. F i ? i s  C .  J ~ n n s m  
t a, D e f e n i i  
m ,  D C .  2C3'25 
r c r t r a 1  1nt< ii,gr;.cc Agency 
was,-1nctea, u .  c .  20505 
i t c n :  i C R ' D D  F u b l i c a t i o n s  
AFPSTE 
Roiin 1D-SZ?. T%r Fentagan 
' d d s a ~ n g ~ o n .  D. C. 20330 
ii:'L3T-56h3 
\ lowe11  A I T  F,.rrr E a s e ,  A l a ~ a n a  36112 
t1qs. LSAF 
I C  (FTBPP-2)  
.,. , " ' S l l f  93523 
? i ~ r  F c r r e  S t4 t ;nn  
E B ,  C a l i f . x n i a  9 0 x 5  
SSD(SSTRT ' L t .  S t a r b u c k )  
A F I P O  
Lo5 A r g e l e s ,  C a l i f c r n i a  90045 
Dr t .  *:b, OAR (LOO*\ 
A i r  Force  C n i t  P s t  Of fxce  
LOS Anxe les .  C a l i f m n i a  90045 
S y s t e m  E n g i n e e r i n g  Group (RTD) 
T e c h n i c a l  I n f o r m a t i o n  Refe rence  Branch 
At tn .  SEPIR 
D i r e c t o r a t e  of  E n g i n e e r i n g  S t a n d a r d s  
h ' r i gh t -Pa t t e r son  AFB, Ohio 45433 
ARL (MIS) 
W r i g h t - P a t t e r s o n  AFB. Oh io  45433 
AFAL (AVT) 
b T e c h n i c a l  I n f o r m a t i o n  
, ._. *  ;~ i t -PPt :er*D: :  .AFB, 3 h l C  $5433 
AFAL (AVTE'R. D. L a r s a n )  
Vr iSb : -Fa f t e r son  AFB, Ohio 45L33 
Of f i c i -  r f  Research Analyses  
A t t n :  T e c h n i c a i  Lzbra ry  Branch 
i i ~ i i o n a n  AFB,  s:ev &nico 88330 
Cammanding General 
A t  t n :  STEWS -WS -BT 
W h i t e  Sands M i s s i l e  Range 
!ieu Htx ico  88002 
W C  (€MAL-I)  
G r l f f i s s  AFB, New York 13442 
A t t n :  Documents L i h r a r y  
Acadeny L i b r a r y  (DFSLB) 
11. S .  A i r  Force Academy 
Co lo rado  80840 
FJSRL 
CSAF Academy, Co lo rado  80840 
1 
2 
1 
2 
5 
1 
I 
1 
1 
I 
1 
1 
I 
1 
1 
3 
A F E 3  l i T L U - I )  
STlbFO 0ff :c i - r  (for ilhrarv) 
l ' a t r x k  X B ,  F l o r i d a  32925 
AFCRL (CRmU.1 
A F C R L  R e s e a r c h  L i b r a n ,  S t o p  29 
L. c .  uansco- F i e l d  
Br,dfvrd, Nassachuse t t s  0 1 i 3 3  
ESD (ESTI)  
L .  G .  llan-+com F i e l d  
Bedfo rd ,  Ilassscnusetts 01731 
AEDC (ASO, INC)  
A t t n :  L i S r z y , ' D o c u i n t s  
Arnold AfS. Temessee  37389 
European O f f i c e  of  Aerospace R e s e a r c r  
S h e l l  B u i l d i n g  
L; 232 C a n t e r s t f e n  
B r u s s e l s ,  3 e l g i w  
L t .  C o l .  E.  P.  Ga ines ,  Jr .  
C n i e f .  E l e c r r n n i c s  D l r i s i o n  
A i r  Force O f f i c e  sf Scientific Research 
' d a s i m p : m .  D .  C. 29333 
C. S 4rr: R r s e a r c , ~  o f f i i e  
D l i r C L C r a t E  C i  Enf .ntrr i"g 5,,,,,,, 
Rcceirrl  F 1 d 7 ~  O f f  L C C  
L. 5 .  A r v  Rescarc', O f i l r e  
3025 C a l u n s i a  P i k e  
A r i i n g t a n ,  V i r g i n i a  2220G 
C o m n d l n g  General 
L'. 5 .  A r ( 7  !!ateriel Comm.nd 
Af t "  : AMCRD-RS-Pi -E 
Washineton.  D. C. 20315 
Carmanding G e n e r a l  
L'. S .  Army S t r a t e g i c  C o m u n i c a t x c n s  Camand 
Wash ins ton ,  D. C. 2031j  
Corslanding O f f i c e r  
C .  S. Army H a t e r i a l s  Researci. Agency 
Watermrn A r s e n a i  
L a ~ e ~ t o w n ,  Massaci i i .wt ts  02i:: 
Aberaeen,  Xar~via;d 21005 
?. 0. KCX 9390 
?,,rt B l i s s ,  Texas 79916 
Cornand ing  General 
I'. S. Army X i s s i l e  Cnmand 
A t t c :  T e c h n i c a l  L ib ra ry  
Rcds tone  A r s e n a l ,  Alaba-a 35809 
C o m n d m g  Genera l  
F r a n k f o r d  A r s e n a l  
A t t n :  SW€A-L6000 (or. Sidney  Ross )  
P h i l a d e l p h i a ,  Pennsy lvan ia  19137 
U. S. Army bbmi t ion r  Comand  
A t t n :  T e c h n i c a i  Informt ion  Branch 
Picat inney  A r s e n a l  
Dover ,  New Jersey 07801 
Cornanding O f f i c e r  
Harry Dianond L a b o r a t o r i e s  
Ate::: ?fr. Ber tho ld  h i tman  
C o m e c c l c u t  Avenue h V a n  Ness S t r e e t  x .  w. 
Wasnineten,  D .  C .  20438 
C r m a n d m g  0 f f . c c r  
C. S .  A r ?  S e c u r i t y  Aoency 
A r l i n g t o n  Ha l l  
Arlington, Y i r g m i a  22212 
Co l rand ing  O f f i c e r  
I:. S .  Arw L i n l t e d  War Labora to r )  
Attn: T e c h n i c a l  D i r e c t o r  
Aberdeen Proving Ground 
Aberdeen,  Maryland 21005 
Cornanding O f f i c e r  
Numan E n g i n e e r i n g  Laboratories 
Aberdeen P rov ing  Ground, Haryland 21005 
D i r e c t o r  
C .  S. Army Eng inee r  Geodesy,  I n t e l l i g e n c e  
Resea rch  and Development Agency 
F o r t  Belvolr, V i r g i n i a  22060 
and napp ing  
1 
3 
3 
1 
1 
C .  5 .  Air-,, Camand  and C t n e r a i  S t a f f  Co1: ise  
Ar t " :  secre:ar\, 
;:ri L c . i ~ ? r ~ r t I - ,  Kansas 66270 
Dr.  '.. Rcbi .  Dew:, C'::ei S r i r n c i c t  
5 .  Ar?. Rcsecrc. O f f i c e  i D m n a l i  
Coz-mnding O f f i c e r  
C .  5 .  Army Rescarcn O f f i c e  (Durltam) 
A r m :  CRD-AA-1P iR icha rd  0. u l s h :  
Sox CX, Duke S r a t m n  
Durhae. Nor:h C a r o l i n a  27706 
S u p e r i n t e n d e n t  
C .  S. Army M i l i t a r y  Academj 
Wcst P o i n t .  Sei. York 10996 
The Wal t e r  Reed I n s t i t u t e  o f  Research 
Ya?fe i  Reed Nedica! Center 
Washington.  D. C .  20012 
Cornanding O f f i c e r  
V .  5. AT- E l e c t r o n i c s  RiD A c t i v i t y  
F o r t  iluachuca, Arizona  85163 
C:-ra?dmg O i t i c e r  
C. S .  Arm. Engincer Kw Lanora to rv  
A t t n :  STIWO Hrani!~ 
F ? r t  3e l \ - cxr ,  S i r g i n i a  22Oh0 
Dr. S. Bcoed;cr L e v i n ,  D i r e c t o r  
i i ' t r m i c s  Command 
D i r e c t o r  
I m t i t u t e  for E z p l o r a t o r v  Research 
L. S. A r n x  E l e c t r o n i c s  Camand 
AtCn: "r. Roberr 0. Parker, Execu t ive  
F o r t  ?Immoiith, Sew 3erse-r 07703 
Conmarding Genera l  
C. S .  Arm E l e c t r o n i c s  Command 
F o r t  X-mmouth. New Jersev 07703 
At tn :  A.MsEL-SC 
Secretart-,  JSTAC (AXSEL-XL-D) 
RD -D 
RD-C. 
RD-GF 
RD-\'*-I 
RD-?!AT 
XL-D 
SL-E 
KL-C 
TL-s 
til.-D 
l4L-L 
liL-J 
!iL-? 
E L - 0  
IIL-R 
SL-D 
SL-A 
IL-? 
NL-R 
S L - S  
KL-D 
KL-E 
KL-5 
KL-T 
BL-D 
m-D 
Chie f  o f  Naval Resea rch  
Departnmnt  of t h e  Navy 
Washington,  D. C.  20360 
A t t n :  Code 427 
C n i e f ,  Bureau of  S h i p s  
Department  of  t h e  Navy 
Washington,  D. C. 20360 
C h i e f ,  Bureau o f  Weapons 
D e p a r t m n t  of  t h e  Savy 
Yast. ington, D .  C. 20360 
Conmanding O f f i c e r  
O f f i c e  o f  l a v a 1  Research Branch O f f i c e  
Box 39 ,  Yaw Y o .  100 F.P.O.  
Sew Yorh, New York 09510 
C onmand i n g  0 f f i c  er 
O f f i c e  Of Naval R e s e a r c h  Branch O f f i c e  
219 South Dearborn S t r e e t  
Ch icago ,  I l l i n o i s  60604 
Commanding O f f i c e r  
O f f i c e  o f  Fava1 Researcli Branch O f f i c e  
1030 E a s t  Green S t r e e t  
Pasadena ,  C a l i f o r n i a  
Co-ndma Officer 
O f f i c e  of Naval Resea rch  Branch O f f i c e  
207 West 24 th  S t r e e t  
New York, New York 10011 
Distribution list as of May 1,1966 ( con t kJ.1 
1 
8 
1 
2 
1 
1 
1 
1 
2 
1 
2 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
Conmanding Officer 
Office of Kava1 Research Branch Office 
l.95 Svmmer street 
Eoiton, %sassarhuse:ts 02ZlO 
Director, ~avai Research Laborator( 
Technical Informtim Officer 
Washingtan, D. C. 
Rttn: Code 2000 
Comander 
Saval Air Development and %aterial Center 
Johnsville, Pennsylvania 18974 
Librarian 
U. S .  naval Electronics Laboratory 
Sa" Diego, California 95152 
Cormanding Officer and Director 
U. S. Naval Underwater Sound Laboratory 
Fort Trumbull 
Eieu London, Connecticut 06840 
Librarian 
U. S .  Navy Pest Graduate Schml 
Montere?, California 
C-nder 
C. 5 .  saval Air Hissile Test Center 
Point Mag", California 
Diiector 
i'ashington, D. C. 
L'. 5 .  Rev21 nbecrvarory 
Chief of Naval Operations 
OP-07 
Kasningtm, D. C. 
Director. C. S. Saval Securltv Group 
A c t " :  6*3 
3801 Yebraska Avenue 
U a s h l n g t o " ,  D. c .  
Camandins  Of iicer 
sacal Ordnance Ls-boratory 
White Oak, myland 
Ccnmanding Off ice= 
Hav-al Ordnaace Laboratory 
Corona, California 
Conmanding Officer 
Naval Ordnance rest Station 
China Lake. California 
Cornanding Officer 
Naval Ai*ionics Facility 
Indianapolis, Indiana 
Cmanding Officer 
Zaval Training Device Center 
Orlando, Florida 
C. S .  Saval Weapons Laboratory 
Dablgrrcn, Virginia 
Kieapons Systems Test Division 
!Lava1 Air Test Center 
Pafilxtent River, ?laaruland 
Attn: Library 
HI. Charles F. Yost 
Special Assistant to the Director of Research 
National Aeronautics and Space Administration 
Washington, D. c. 20546 
Dr. B. Harrison, Code BXE 
Chief, Electrophysics Branch 
National Aeronautics and Space Administration 
Washington, D. C. 20546 
Goddard Space Flight Center 
National Aeronautics and Space A-nistration 
Attn: Library. Iwc-nto Section Code 252 
Greenbelt, Uaryland 20771 
NASA Lewis Research Center 
Attn: Library 
21000 Brookpark Road 
Cleveland, Ohio 44135 
National Science Foundacion 
Attn: Dr. John R. Le-n 
1800 G Street, N. U. 
Washington, D. c. 20550 
Division of Engineering 
U. S .  Atomic aergy Commission 
Division of Technical Information Extension 
P. 0. Box 62 
Oak Ridge, Tennessee 37831 
LOB Almos Scientific Laboratory 
Attn: Reports Library 
P. 0. Box 1663 
Lo6 Almos, New nexico 87544 
NASA Scientific d Technical Info-tion Facility 
Attn: Acquisitions Branch (S IAKl le )  
P. 0. Box 33 
College Park, Uaryland 20740 
Director ~.~ 
Research Laboratory of Electronics 
Massachusette Institute of Technology 
Cambridge, Massachusetts 02139 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Polytechnic Institute of Brmklp 
55 Johnson Street 
Brooklyn, New York 11201 
Attn: fir. Jerome Fox 
Research Coordinator 
Director 
Columbia Radiation Laboratory 
ColDmbia L'niversity 
536 West 120th Street 
New York ,  New York 10027 
Director 
Coordinated Science Laboratory 
Cniversity of ~llinoir 
Urbana, Illinois 61801 
Director 
Stanford Electronics Laboratories 
Stanford University 
Stanford, California 
Director 
Electronics Research Laboratory 
University of Californir 
Berkeley 4, California 
Director 
Electronic Sciences Laboratory 
University of Southern California 
Lo5 Angeles, California 90007 
Profeaknr A.  A. rnhueal, Director 
Laboratories f o r  Electronics and 
Related Sciences Research 
University of T e x a n  
Austin, Texas 78712 
Division of Engineering and Applied Physics 
210 Pierce H a l l  
Harvard University 
Cambridge, Massachusetts 02138 
Aerospace Corporation 
P. 0. Box 95085 
Los Angeles, California 90045 
Attn: Library Acquisitions Group 
Professor Nicholas Georee 
California In9titute of Technology 
Pasadena, Californza 
Aeronautics Library 
Gzaduate Aeronautical Laboratories 
California Institute of Technology 
1201 E. California Boulevard 
Pasadena, California 91109 
Director, C W  Pro>ect RAND 
Via: Air Force Liaison Office 
The RAND Corporalion 
1700 Plain Street 
Santa Monica, California 90406 
Attn: Library 
The Johns Hopkins University 
Applied Physics Laboratory 
8621 Georgia Avenue 
Silver Spring, Maryland 
Attn: Boris W. Kuvshinoff 
tbcument Librarian 
lhnt Library 
Carnegie Institute of Technology 
Schenley Park 
Pittsburgh, Pennsylvania 15213 
Dr. Leo young 
Stanford Research Institute 
Menlo Park, California 
nr. Renry L. Eactmwn 
Assistant Chief Engineer 
Wheeler Laboratories 
122 Cuttermill Road 
Great Neck. New York 
Cniversity of Liege 
Electronic Department 
nattrmacics Institute 
15, Avenue Des Tilleuls 
Val-Benoit, Liege 
Belgium 
School of Engineering Sciences 
Arizona State Dniversity 
rempe, Arizona 
university of California at LDS Angeles 
Department of Engineering 
LOS ~ngeles, California 
California Institute of Technology 
Pasadena, California 
Attn: Documents Library 
University of California 
Santa Barbara, California 
Attn: Library 
Camegie Institute of Technology 
Electrical Engineering Department 
PitCsburgh, Pennsylvania 
University of Hichigsn 
Electrical Engineering Departmmt 
Ann Arbor, Michigan 
New York University 
College of Engineering 
New York, New York 
Syracuse University 
Department of Electrical Engineering 
Syracuse, New York 
Yale Fniversity 
Engineering Department 
New Haven, Connecticut 
Airborne Instruments Laboratoxy 
Deerpark, New York 
Bendix Pacific Division 
11600 Sherman Yay 
North Bollyuood, California 
General Electric Cmpany 
Research Laboratories 
Schenectady. New York 
Lockheed Aircraft Corporation 
P. 0. Box 504 
Sunnyvale. California 
Raytheon Cmpany 
Bedford, Massachusetts 
Attn: Librarian 
5, A~~TWR(S; ;LIS: "=me. first name, initia! f 
Dal los ,  Andras; and S t e i n r i s s e r ,  For tuna t  
7e. TOTAL NO OF PAGES 
13 RE*m %!&, 1966 
7b NO OF REFS 
11 
LITAF!Y ACTIVITY %?!;E Yervices E lec t ron ic s  Proera: 72.SPON 11. SUPPLEMENTARY NOTES t h r u  U. S . Army E lec t ron ic s  Command v 
For t  Monmouth, New Jersev 07703 
yumping  speeds of commercial diode and t r i o d e  type ge t t e r - ion  pumps 
were measured f o r  t h e  gases  H2, He, and N2 over t h e  p ressure  range from 
about Torr  t o  Torr .  A t  Torr ,  t h e  pumping speed w a s  15- 
25% of t h e  speed a t  Torr where t h e  pumps a t t a i n e d  t h e  r a t e d  speed. 
Pumping speed measurements as a funct ion of time showed t h a t  t h e  pumping 
speed decreased genera l ly  only s l i g h t l y  over a period of one day. Strong 
s a t u r a t i o n  w a s  found only f o r  H e  a t  pressures  above 
n i f i c a n t  d i f f e rence  between diode and t r i o d e  i n  the  pumping speed vs. tiw 
o r  vs. pressure  curves w a s  observed. 
1 3  ABST 
Torr.  No s i g -  
I n  t h e  diode,  pump c u r r e n t s  were measured. The quant i ty  PoS/I (P = 
The numbers ( i n  molecules o r  atoms 
pressure ,  S = pumping speed, and I = c u r r e n t )  w a s  found t o  be pressure-  
independent f o r  s h o r t  pumping times. 
pumped per  charge) are: 0.5 (H2)' 0.6 ( H e ) ,  and 0.2 ( N 2 ) .  
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